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[57] ABSTRACT 

A processor and coprocessor architecture wherein the copro- 
cessor is put into operation at a cyde immediately following 
the decoding of an instruction code by the recognition, 
during this decoding, of the fact that this instmction is an 
instmction that has to be carried out by the coprocessor. The 
complementary decoding of the instmctions makes it pos- 
sible to lose no time in the configuration of the coprocessor. 
This type of architecture is particularly useful for digital 
processors entrusted with carrying out certain specific 
operations, notably audio processing operations. 

62 Claims, 2 Drawing Sheets 
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ELECTRONIC CmCUIT AND METHOD FOR 
TIME SAVING USE OF A COPROCESSOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

An object of the present invention is an electronic circuit, 
notably an integrated circuit as well as a particular use of this 
circuit by whidi a processor can be made to work with a 
coprocessor. It is more particularly promising in the field of 
digital signal processors (known as DSPs), one of whose 
essential features is their processing speed. Digital proces- 
sors such as these are notably used in transmission to carry 
out encoding or encryption operations, notably in modems 
or for audio processing operations. 

2. Discussion of the Related Art 

There are known digital processors. These comprise a set 
of circuits that can be used to program a programmable 
processing circuit, in order to modify data elements as a 
function of the programmed state of the programming 
circuit. The modification of the programmed state of the 
programming circuit is obtained by the application, to this 
circuit, of digital signals known as instructions. The different 
circuits of a processor notably comprise instruction registers 
and data registers in order to set up links with the program- 
mable processing circuit, as well as a sequencer that carries 
out an organization, in time, of the succession of the 
application of the different instructions and of the different 
data elements to the processing circuit. This succession of 
operations is called a program. Normally, a processor such 
as this is capable of carrying out any type of operation 
provided that appropriate instructions are applied to it. 

However, a problem arises when certain specific process- 
ing operations that are particularly complicated and lengthy 
have to be carried out speedily. In this case, it is not possible 
to have recourse to a normally used type of processor: if 
such a processor is used, the execution of the subsequent 
instructions will be delayed for an excessively lengthy 
period related to the complexity of these specific processing 
operations. For example, it may be assumed that the work of 
a processor has to be paced at a given rate, each operation 
lasting one cycle period. It is possible to be faced, during this 
work, with an operation whose duration is for example fifty 
times the cycle period. 

To carry out, all the same, a lengthier operation of this 
kind during one cycle or at least at high speed, the technique 
of coprocessors has been resorted to. Coprocessors are, in 
practice, specific circuits that are capable of high-speed 
performance (for example performance within three or four 
cycles) of operations that would have taken fifty cycles with 
the normal processor. Putting a coprocessor into operation at 
the right time nevertheless requires that the processor should 
configure the coprocessor and hand over the responsibility to 
this coprocessor by sending it the required data elements. 
The coprocessor then starts working independently and, as 
soon as it has finished its work, it informs the processor that 
the processed data elements are available. 

A mode of operation such as this cannot however be 
envisaged when the operations to be carried out in a single 
cycle period are not excessively lengthy, for example when 
they take only five cycle periods. Indeed, if the configuration 
of the coprocessor requires a duration of five cycles and is 
then made to perform the work during one cycle, then 
nothing is gained as compared with what would have been 
obtained by causing the work to be carried out directly by 
the processor, which is essentially a slow device. 

SUMMARY OF THE INVENTION 

It will be shown that the invention, although it is also 
useful when the coprocessor has to carry out operations that 
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are excessively lengthy and complicated, is more particu- 
larly usefiil for resolving problems of reducing the duration 
for which the coprocessor is put into operation. 
Furthermore, the invention is also particularly promising 

^ when, after a preliminary definition of the generation circuits 
of a processor, it is sought, on one and the same electronic 
integrated circuit, to carry out complementary functions. In 
this case, it will be possible to redesign an integrated circuit 
entirely since, in practice, a coprocessor is a specific circuit 

10 dedicated to the processing of certain little-used operations 
that are known and complicated. However, the preparing of 
a new integrated circuit for each different need is an opera- 
tion that is excessively complex if it implies calling the 
entire circuit into question. 

With the system of the invention, it is possible to keep the 
core of the circuit so that it is always identical: the processor 
is always kept. By contrast, for certain specific operations 
that have to be carried out at particularly high speed, a 
specific coprocessor is made on one and the same integrated 
circuit. The mode of exchange, proposed by the invention, 
between the processor and the coprocessors, is then 
particularly-favorable to a modification of this kind. The 
coprocessor preferably includes circuits to process data 
elements according to instructions that are also transmitted 
to it. 

The particular feature of the invention is that commands 
delivered by a sequence of the processor are used to guide 
the coprocessor. EHirthermore, the processor and the copro- 
cessor are connected to the same output bus of a data 
memory and, at the same time, receive the instmctions read 
in this data memory. Both have an instruction decoder 
According to the invention, the instruction decoder of the 
processor has circuits to recognize that an instruction has to 
be carried out by the coprocessor and to produce a corre- 
sponding recognition signal. This recognition signal is then 
sent to the coprocessor to validate its operation. Since, in the 
invention, the processor and the coprocessor are both in 
parallel, the decoding of the instruction by the coprocessor, 

^ which is done at the same time as the decoding of the 
instruction by the processor, is validated so that the copro- 
cessor can carry out the instruction. Preferably, the perfor- 
mance of the instruction takes place in a cycle following its 
decoding and the coprocessor is capable of carrying out all 
the instructions that its decoder has decoded validly. 

In the invention, the woiking time of the assisting copro- 
cessor is preferably hmited to one cycle of the working time 
of the main processor. However, it is possible to activate the 
coprocessor several times in succession at the initiative of 

50 the processor. 

The principle of decoding chosen in the invention to 
implement the coprocessor is particularly flexible and well 
suited to an almost parallel operation of the processor and 
the coprocessor. Furthermore, in order to simplify the mak- 

55 ing of the coprocessor, it is planned that all the operations for 
the transfer of data elements from a data memory to the 
coprocessor will be done at the initiative of the processor. 
Thus, for an instruction that has to be carried out by the 
coprocessor, the processor is entrusted with giving the 

go coprocessor, at the start of the processing operation, data 
elements to be processed and with taking the processed data 
elements at the end of the processing operation. 

An object of the invention therefore is an electronic 
circuit comprising a processor and a coprocessor, in which 

65 the processor and the coprocessor are connected to one and 
the same memory of instructions by at least certain wires of 
a data output bus of the instructions memory. The processor 
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comprises, in an instnictioa decoder, a circuit for the The processor 1 has a standard instruction register 6 that 
recognition, in an instruction transaiitted by the bus, of the is connected at an input to the bus 4 and at an output to an 
fact that this instruction has to be carried out, at least instruction decoder 7. Data elements coming from data 
partially, by the coprocessor and for the sending, to the memories X or Y are conveyed up to an input/output daU 
coprocessor, of a corresponding recognition signal. The 5 register 8 of the processor 1. Programmable proce^or 
coprocessor also comprises a validation circuit to pennit it circuits 9 of the processor 1 apply programmed processing 
to carry out an instruction when it receives the recognition operations to the data elements stored in the register 8, these 
signal. programmed processing operations having their parameters 

Another object of the invention is a method for the use of set by binary data elements stored in the instructions register 
a processor and a coprocessor. In this method, at least one lo 6. These operations are performed at the rate of a sequencer 
same part of an instruction is sent simultencously to the 10. At the end of the processing operation, the data elements 
processor and the coprocessor by at least certain wires of an are available in the input/output register 8 to be distributed 
output bus of a memory of instructions. The instruction is to the different peripherals lo which the processor 1 is 
decoded in the processor and a recognition signal is pro- connected. The architecnire thus descnbed is a quite stan- 
duced therein corresponding to the fact that a decoded 15 dard architecture of a processor. The sequencer 10 notably 
instruction has to be carried out by the coprocessor. And the controls the circuits 6 to 9. 

coprocessor is allowed to carry out an instruction when it One of the particular features of the invention is that the 
receives this recognition signal. instruction decoder 7 is used to produce not only control 

signals used during the performance of the instruction but 
BRIEF DESCRIPTION OF THE DRAWINGS 20 also a recognition signal known as Va conveyed by a 
Tlie invention will be understood more clearly from the connection 11 (one or more wires) to the coprocessor 2. The 
following description and from the appended diagrams signal VCl is a signal which indicates that the instruction 
which are given purely by a way of an indication and in no decoded by the decoder 7 is an instruction that should be 
way restrict the scope of the invention. Of these figures: carried out by the coprocessor 2. 

FIG. 1 shows an electronic circuit according to the ^ The coprocessor 2, like the processor 1, has an instruction 
invention; register 12, an instruction decoder 13, a data input register 

no. 2 shows a preferred structure of an instruction word 14, a data output register 15 and a programmable processor 
that can be used in the device and a method of the invention; circuit 16. The register 12 is connected, at an mput, to the 

bus 5, and at an output, to the decoder 13. The decoder 13 
FIGS. 3a to ^e show timing diagrams of the performance ^ connected, at an output, lo the circuit 16 Hie coprocessor 
of various operations by the different parts of the circuit of 2 may have a sequencer for cases when it is asked to carry 
the invention relatively complex operations strmgmg together several 

coprocessor instructions. 

DETAILED DESOUPTION Preferably, the different units of the coprocessor 2 are 

FIG. 1 shows an electronic circuit according to the synchronized by the sequencer 10 of the processor 1. In 
invention. Hiis electronic circuit has a processor 1 and a P«««*. it is sought to make the coproce^r 2 can^ 
coprocessor 2. The processor lis, for example, a processor '^'^ operaUons during one cycle penod of the 

designed to carry out aU the common functions of a modem P««*ssor 1, thB control task is of the most elementary type: 
for the transmission of digital data, notably the functions of « J"*' \ ''^^^ rate-settmg control. TTie prw^ssing circuit 
bit control, synchronization with ftames imposed &om the 1« P«fe"Wy a programmable but specific circuit. It is 
exterior as well as, possibly, certain operations for the programmable m the sense that it can have its parameters set 
compression of data elements to be transmitted. In one »>y a certain number of instructions available in the instnic- 
example, the coprocessor is designed to implement a known <»™ «g««er 12. For example, this number of mstrucUons lo 
VITERBI type of convolution and equalization algorithm. «s ^ "l^^y 'i J 

This coprocessor must, naturally, work in real time at the 'hro"8h the bus 3: 2 =16. Whfle being 

rate of the arrival and departure of the data elements in order programmable to a small extent, the proc^mg circuit 16 
to transmit them without any delay. Given the complexity of nevertheless be a very complex specific circuit physi- 

the operations to be implemented in a VITERBI algorithm <:»"y catrymg out a large number of operations with per- 
such as this, it has not been possible to envisage their being jo ^f*^ connecttons By contrast^ the processjng 

carried out by the processor 1 unless this processor 1 is circuit 9 of the processor 1 is far more flexible and is capable 
designed to have circuits that are ultra-fast (hence circuits cartying out more general operations: it can carry out 
that are difficult to make and expensive) or specialized for about one thousand different instnirtions. 
this function (hence circuits that require efforts of redefini- One last particular feature of the invention is the fact that 
tion and designing that are excessively great since ultimately 55 the decoder 13, the register 12 or any of the other circuits 14 
tbey only associate one encoding VITERBI function, which to 16 include or may include a validation input to receive the 
is known, with general processing Auctions which them- signal VCl and authorize the peiformancc of an instruction 
selves are also known). by the processing circuit when the recognition signal has 

One of the characteristics of the invention is that the been received. FIG. 1 shows only that the instruction 
processor 1 and the coprocessor 2 are connected to one and 60 decoder 13 or possibly (in dashes) the instruction register 12 
the same instruction memory 3 by a bus 4, at least some of »•« validated by the signal VQ. The validation drcuit may 
whose wires 5 reach the coprocessor 2. As shown in HG. 2, be very simple: it may quite simply have a switch (a 
an instruction word in one example is encoded on 16 bits and transistor) to permit or not permit the passage of a "chip 
the memory 3 has 16 outputs in parallel on the bus 4 to enable" type of ON signal for putting an elementary circuit 
convey each of these 16 bits. As shall be seen further below, «5 into operation. 

the bus 5 is not a 16-bit bus but a 4-bit bus only, taking 4 bits FIG. 2 gives a view, in an example using 16 bits, of the 
out of the 16 bits extracted from the memory 3, shape of an instruction word extracted from the instruction 
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memory 3. The eleven first bits represent an instruction 
code, the last five bits correspond to modes of data exchange 
between the processor 1 or the coprocessor 2 and the data 
memories X or Y. Thus, the first bits 17 of these last five bits 
relate to the selected data memory: the memory X or the 
memory Y. The second bit 18 relates to the mode of 
processing the memory: writing or reading. The third bit 19 
relates to an address indicator in this memory. There are two 
possible address indicators. The last two bits 20 and 21 
relate, in a particular case of use, to the designation of one 
out of four possible increments in the data memory X or Y 
Indeed, there are known ways in particular applications of 
carrying out addressing operations of a type such that, firom 
one data transfer to another, tl^ data elements that are taken 
or written are taken or written with preset address incre- 
ments. 

The eleven instruction code bits of the start of the word 
(even thougji the order presented herein is given by way of 
an indication and the bits could be mixed) enables the 
definition of more than one thousand instructions: the thou- 
sand instructions that can be used by the processor 1 and the 
16 instructions that can be used by the coprocessor 2. The 
codes corresponding to the 16 instructions that can be used 
by the coprocessor 2 will always be placed in a 4-bit zone 
22 of the instruction word which corresponds to four wires 
of the bus 5 which are connected to the register 12. In the 
preceding five bits, a particular configuration of these five 
bits will be used to indicate that the coprocessor 2 must be 
put into operation. 

In a particular example that shall be explained further 
below, the coprocessor 2 is actually a slightly more complex 
circuit in the sense that it is possible, by extension, to say 
that it is divided into two coprocessors: a coprocessor A and 
a coprocessor B. This twofold expression is partly justified 
because the memories being dealt with are double data 
memories X and Y. It is therefore planned that, for certain 
instructions, the processing circuit 16 will receive, in its data 
input register 14, data elements coming from the data 
memory X or from the data memory Y. By contrast if, for 
certain processing operations, it is necessary to process data 
elements of the data memory X and data elements of the data 
memory Y at the same time, it proves to be necessary to 
double the data input register 14. This will also be true for 
the data output register IS which will have to be doubled. In 
practice, the processing circuit 16 will be complemented by 
circuits (not shown) that take account, at the same time, of 
the data elements coming from the other memory. In the case 
of an instruction having this complexity, indeed a coproces- 
sor A may process the data elements of the data memory X 
and a coprocessor B may process those of the data memory 
Y, or vice versa. Or again, a processing circuit of a single 
coprocessor may carry out an operation pertaining to a data 
element X and a data element Y that are received simulta- 
neously. 

By contrast, the instruction register 13 is, in principle, the 
same for both the processing circuits since only one instruc- 
tion has been loaded for the given cycle. In practice, this 
restdts in necessitating the definition, in the remaining 
five-bit zone of the instruction word of FIG. 2, of one, two 
or even three different identifications: an identification COP 
A to state that the coprocessor A is implicated, an identifi- 
cation COP B to state that the coprocessor B is implicated 
or even an identification COP AB to state that both are 
implicated. In practice, these two or three identifications 
may be a particular form of representing the first five bits of 
the instruction word. A coprocessor may be selected by a 
dedicated code as indicated here above, or else its operation 
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may be validated by writing a command to this effect in an 
internal status register of the coprocessor, in an initialization 
stage. In this case, each coprocessor should first of all be 
validated before it can function, and then invalidated. Only 
5 one coprocessor can be active at a time. The sequencer 10 
can be loaded with these validations and invalidations. 

The particular feature of the invention is that it produces 
the signal VCl in the decoder 7 fi^om these particular forms 
of representation. This mode of working ultimately makes it 
10 possible to define 3xl6o48 instructions that can be carried 
out by the coprocessor 2. The detection, in a known type of 
decoder 7, of these forms of representation does not raise 
any difBculty, so that it is easy to produce the corresponding 
signal or signals VCI. 

The data input/output register 8, data input register 14 or 
data output register 15 are linked to the data memories X or 
Y by a data bus 24; the number of wires of this bus 24 
depending on the precision required for the data elements: 
16 bits or 32 bits or even more. The processor 1 also has 
circuits (not shown) to address the instruction memory 3 and 
the data memory X and Y in a standard way. 

FIGS. 3a to 3e enable a clearer explanation of the working 
of the circuit of the invention. FIG. 3a shows the operation 
by which the processor 1 addresses the instruction memory 
3 in order to seek an instruction and in order to load the 
different instruction register. It shows, for example, that the 
processor 1 will first of all seek an instruction known as IPl 
that can be performed by the processing circuit 9 of the 
processor 1, then an instruction ICl that can be carried out 
by the processing circuit 16 of the coprocessor 2, then an 
instruction IP2 that can be carried out by the processor 1 and 
an instruction IC2 that can be carried out by the coprocessor. 
Continuing in this way, the sequencer 10 organizes the 
reading of the memory 3 of instructions in order to deliver 
the desired instructions on the buses 4 and 5. 

FIG. 3b shows the decoding of these instructions at a 
subsequent working cycle, both in the instruction decoder 7 
and instruction decoder 13 which are parallel connected. If 

40 the signal VCI validating a coprocessor instruction is active, 
the working of the decoder 13 is validated. Thus, these 
decoders decode instructions IPl, ICl, IPl at the following 
cycles. It is noted however that the instruction IC2 is not 
decoded in the cycle following the one during which the 

45 instruction IP2 is read or decoded. This shall be explained 
further below. 

FIG. 3c shows the performance by the processor 1 of the 
instructions intended for it. FIG. 3d shows the performance 
by the coprocessor 2 of the instructions that are intended for 

50 it. FIG. 3e shows the active signal VCI at a cycle for 
decoding the instructions, preceding the cycle of their per- 
formance. The decoding in the decoder 7 gives rise to the 
decoding in the decoder 13 during one and the same cycle. 
Quite natiu^ally (FIG. 3c at the third cycle shown) the 

55 processor 1 performs the instruction IPl (the way in which 
the corresponding transfer of data is carried out shall be seen 
elsewhere). At the next cycle, an arithmetic operator of the 
processing circuit of the processor 1 is deactivated: it does 
not process the data elements. By contrast the coprocessor 2 

60 performs the instruction ICl. The coprocessor 2 carries out 
the instruction ICl because it has received or receives the 
signal VCI coming from the processor 1. The signal VCI is 
produced in the decoder 7 at the time of the decoding of the 
instruction ICl. The signal VCI is activated for only one 

65 cycle: the cycle that corresponds to the decoding of the 
coprocessor instruction and precedes its performance (which 
lasts one cycle in the case under consideration). 
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The instructioa 1P2 furthermore has one particular fea- 
ture. Indeed, this iostruction is designed at the outset to last 
two or even more working cycles of the processor 1. The 
processor 1 therefore provides for means in the decoder 7 to 
recognize the fact that the instruction is a two-cycle instruc- 5 
tion: for example the tenth bit of the eleven bits of the 
instructions code is always at one in this case. In recognizing 
this situation, the decoder 7 is already capable, at the end of 
the decoding of the instruction IP2, of bringing about the 
momentary suspension, through a command 27 of the 10 
sequencer 10, of the cascaded pipe-line reading of the 
instruction memory (FIG. 36). At the cycle following the 
decoding of the insUiiction IP2, this instruction is carried out 
by the processing circuit 9. It has a first part of an instruction 
IP2a and a second part to be performed at a next cycle lV2b, is 
An operation such as this is of a known type. 

\V^th the command 27, the instruction IC2 has preferably 
been kept present on the buses 4 and 5. It is therefore 
important to permit the decoding only at the start of the last 
part of the instruction IP2. A command 28 will therefore be ^0 
produced to this effect by the sequencer 10. 

The producing of the command 28, which marks the 
definitive end of a multiple-cycle instruction performed by 
the processor 1, can be obtained in two ways. Firstly at the 
decoding of the instruction 1P2, at the fourth period shown 
in FIGS. 3a to 3^4 it is possible to know that the instruction 
being dealt with is a multiple-cycle instruction comprising 
two, n cycles. It is thus possible to put a up/down counter 
into operation with an initial countdown value of 2-1, n-1 
and so on and so forth so that the up/down counter produces 
the appropriate command 28 at the right time. 

In a preferred way, a slightly different procedure has been 
followed by processing the values of the instructions lP2a or 
lP2b loaded into the instruction register 6. It is indeed 
possible to filter these instructions (in a circuit that is 
ultimately the same as a decoder) to produce a signal when 
one of these instructions is shaped in a particular way. It may 
be decided, for example, that bits having a given weight or 
positional value, of the instruction code recorded in the ^ 
instruction register 6, will have a determined value to 
indicate that the elementary instruction loaded is the last (or 
second-last) one. This detection can be used to produce the 
command 28 at the time of the loading of the elemenury 
instruction concerned (or at the end of the execution of the 
preceding elementary instruction). 

Preferably, the processor 1 and the coprocessor 2 are 
made on one and the same integrated circuit, a part of the 
surface of this circuit being dedicated to the processor 1 with 
all the circuits indicated here above and, the other part of this 50 
circuit, the size of which is greater or smaller as the case may 
be, being dedicated to specific processing operations. The 
processor 1 has a circuit 9 with very great programming 
complexity because of its ability to process about one 
thousand instructions. By contrast, the programmable circuit 55 
16 has a far smaller programming complexity, this process- 
ing circuit 16 being capable of being complicated in itself. 
This complicated processing circuit 16 may be furthermore 
tested in each of the sixteen possible configurations corre- 
sponding to the sixteen instmctions that it is liable to carry go 
out. Acting in this way is far simpler than seeking to 
incorporate the sixteen instructions in the set of instructions 
that can be performed by the processors 1. 

It has furthermore been noted that the deliberate choice of 
the cascaded operation as shown in FIGS. 3a to 3e and the 65 
approach consisting in permitting the work of the coproces- 
sor 2 only during an instruction cycle very appreciably 



simplifies the relationship between the processors and the 
coprocessor and hence limits the loss of time needed to put 
the coprocessor 2 into operation. In practice, in the 
invention, the loss of time is zero. The coprocessor starts at 
the next cycle period. It would nevertheless be possible to 
consider having multiple-cycle instructions performed by 
the coprocessor 2 by choosing to have means, in the 
sequencer 10 and the decoder 7, to produce commands 
comparable to the commands 27 and 28 and to tum off the 
processor 1 this time instead of turning off the coprocessor 
2. 

To simplify also the fiinction of the coprocessor 2, it is 
provided in the invention that the operations for extracting 
data elements X or Y firom the memories and for loading 
these memories with data elements are carried out by the 
processor 1. This means that whichever the processing 
circuit, whether 9 or 16, that carries out the instruction, the 
management of the data bus 24 and of the data memories X 
or Y is left to the initiative of the processor 1. This 
arrangement is not complicated to design since, in any case, 
this is what a normal processor does. In other words, at each 
cycle period t, there is a reading of a t order instruction (FIG. 
3a), the decoding of a t-1 order instruction (FIG. 3b), the 
performance in the processor 1 or in the coprocessor 2 of a 
t-2 order instruction (FIGS. 3c, 3^0, transmission to the 
memories X or Y (or to the registers 8 or 14) of the data 
elements pertaining to the t-2 order instruction and the 
supply, to the memories X or Y or to the registers 8 and 15, 
of the data elements processed by the t-1 order instruction. 
All these operations are carried out in a standard way by a 
processor-based integrated circuit, notably the so-called ST9 
microprocessor-based circuit of the present Applicant. 

Having thus described at least one illustrative embodi- 
ment of the invention, various alterations, modifications, and 
improvements will readily occur to those skilled in the art. 
Such alterations, modifications, and improvements are 
intended to be within the spirit and scope of the invention. 
Accordingly, the foregoing description is by way of example 
only and is not intended as limiting. The invention is limited 
only as defined in the following claims and the equivalents 
thereto. 

What is claimed is: 

1. An electronic circuit comprising a processor and a first 
coprocessor, wherein: 

the processor and the first coprocessor are connected to an 
instruction memory by at least certain wires of a data 
output bus of the instruction memory, 

the processor comprises, in a first instruction decoder for 
receiving an instruction and for decoding said instruc- 
tion during a cycle, a circuit for recognition, diuing said 
cycle, in said instruction, of the fact that said instruc- 
tion has to be carried out by the first coprocessor and 
for producing and sending to the first coprocessor, 
during said cycle, a recognition signal corresponding to 
said recognition, and 

the first coprocessor comprises a second instruction 
decoder for receiving said instruction signal, and for 
decoding said instruction during the cycle, and a vali- 
dation circuit connected to receive said recognition 
signal to validate the decoding of the instruction by said 
second instruction decoder, the validation permitting 
said first coprocessor to perform said instruction. 

2. A circuit according to claim 1, wherein: 

the electronic circuit is a monolithic integrated circuit, 
and 

wherein the first coprocessor further comprises: 



06/05/2003, EAST Version: 1.04.0000 



6,0( 

9 

an instruction register connected to the second decoder 
to store and enable the performance of instructions 
decoded by the second decoder; 

a programmable processing circuit to process data 
elements as a ftinction of instructions transmitted by 
the instruction register, 

a data input register having an input connected to a data 
bus of the integrated circuit and an output connected 
to the processing circuit of the first coprocessor; and 

a data output register having an input connected to the 
processing circuit of the first coprocessor and an 
output connected to the data bus of the integrated 
circuit 

3. A circuit according to claim 2, comprising a second 
coprocessor parallel-connected with the coprocessor, for the 
simultaneous processing of data elements from two different 
data memories. 

4. A circuit according to claim 3, wherein the processor 
comprises a circuit to delay the sending of the recognition 
signal if the processor is carrying out a multiple-cycle 
instruction that lasts longer than a working cycle of the 
processor. 

5. A circuit according to claim 4, wherein the delay circuit 
comprises: 

in the first decoder, a decoding circuit to detect a multiple- 
cycle instruction comprising several ordered elemen- 
tary instructions, a last elementary instruction being 
recognizable, and 

a circuit to permit the transmission of the recognition 
signal at the end of the multiple-cycle instruction. 

6. A circuit according to claim 4, wherein the delay circuit 
comprises: 

in the first decoder, a decoding circuit to detect the fact 
that a multiple-cycle instruction is present, and 

an up/down counter for being placed in a starting condi- 
tion that depends on a duration of the multiple-cycle 
instruction to be carried out by the processor, and for 
producing a signal to permit the transmission of the 
recognition signal at the end of the multiple-cycle 
instruction. 

7. A circuit according to claim 2, wherein the processor 
comprises a circuit to delay the sending of the recognition 
signal if the processor is carrying out a multiple-cycle 
instruction that lasts longer than a working cycle of the 
processor. 

8. A circuit according to claim 7, wherein the delay circuit 
comprises: 

in the first decoder, a decoding circuit to detect a multiple- 
cycle instruction comprising several ordered elemen- 
tary instructions, a last elementary instruction being 
recognizable, and 

a circuit to permit the transmission of the recognition 
signal at the end of the multiple-cycle instruction. 

9. A circuit according to claim 7, wherein the delay circuit 
comprises: 

in the first decoder, a decoding circuit to detect the fact 
that a multiple-cycle instruction is present, and 

an up/down counter for being placed in a starting condi- 
tion that depends on a duration of the multiple-cycle 
instruction to be carried out by the processor, and for 
producing a signal to permit the transmission of the 
recognition signal at the end of the multiple-cycle 
instruction. 

10. A circuit according to claim 1, comprising a second 
coprocessor parallel-connected with the first coprocessor, 
for the simultaneous processing of data elements from two 
different data memories. 
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11. A circuit according to claim 10, wherein the processor 
comprises a circuit to delay the sending of the recognition 
signal if the processor is carrying out a multiple-cycle 
instruction that lasts louger than a working cycle of the 

5 processor. 

12. A circuit according to claim 11, wherein the delay 
circuit comprises: 

in the first decoder, a decoding circuit to detect a multiple- 
cycle instruction comprising several ordered elemen- 
10 tary instructions, a last elementary instruction being 
recognizable, and 
a circuit to permit the transmission of the recognition 
signal at the end of the multiple-cycle instruction. 

13. A circuit according to claim U, wherein the delay 
15 circuit comprises: 

in the first decoder, a decoding circuit to detect the fact 
that a multiple-cycle instruction is present, and 

an up/down counter for being placed in a starting condi- 
tion that depends on a duration of the multiple-cycle 
2° instruction to be carried out by the processor, and for 
producing a signal to permit the transmission of the 
recognition signal at the end of the multiple-cycle 
instruction. 

14. A circuit according to claim 1, wherein the processor 
^ comprises a circuit to delay the sending of the recognition 

signal if the processor is carrying out a multiple-cycle 
instruction that lasts longer than a working cycle of the 
processor. 

15. A circuit according to claim 14, wherein the delay 
circuit comprises: 

in the first decoder, a decoding circuit to detect a multiple- 
cycle instruction comprising several ordered elemen- 
tary instructions, a last elementary instruction being 
recognizable, and 

a circuit to permit the transmission of the recognition 
signal at the end of the multiple-cycle instruction. 

16. A circuit according to claim 14, wherein the delay 
circuit comprises: 

^ in the first decoder, a decoding circuit to detect the fact 
that a multiple-cycle instruction is present, and 
an up/down counter for being placed in a starting condi- 
tion that depends on a duration of the multiple-cycle 
instruction to be carried out by the processor, and for 

^5 producing a signal to permit the transmission of the 
recognition signal at the end of the multiple-cycle 
instruction. 

17. A method for the use of a processor and a coprocessor, 
wherein said method comprises the following steps: 

50 sending at least one same part of an instruction signal 
simultaneously to the processor and the coprocessor by 
at least certain wires of an output bus of a memory of 
instructions, 

decoding the instruction signal in the processor dtuing a 
55 cycle and producing a recognition signal therein, dur- 
ing the cycle, corresponding to the fact that a decoded 
instruction has to be carried out by the coprocessor, and 
decoding the instruction signal in the coprocessor during 
the cycle to allow the coprocessor, when it receives the 
60 recognition signal, to execute the instruction during a 
following cycle. 

18. A method according to claim 17, wherein a sequencer 
of the processor is made to send synchronized commands to 
an instruction decoder of the coprocessor, an instruction 

65 register of the coprocessor, programmable processing cir- 
cuits of the coprocessor, a data input register of the 
coprocessor, and a data output register of the coprocessor. 
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19. A method according to claim 18, wherein the proces- 
sor is made to manage points of access to memory that are 
necessary for the working of the coprocessor. 

20. A method according to claim 17, wherein the proces- 
sor is made to manage points of access to memory that are 
necessary for the working of the coprocessor. 

21. An electronic circuit including a processor and a first 
coprocessor, the electronic circuit comprising: 

an instruction bus opcratively connected between an 
instruction memory, the processor, and the first 
coprocessor, 

a first instruction decoder in the processor and operatively 
connected to the instruction bus and operative to 
receive an instruction from the memory and to decode 
the instruction during a cycle and to produce, during the 
cycle, a recognition signal output, and 

a second instruction decoder in the first coprocessor 
operatively connected to the instruction memory and 
operative to receive an instruction from the memory 
and to decode the instruction during the cycle and to 
receive the recognition output, 

wherein the recognition signal output signifies that the 
instruction is to be executed by the first coprocessor. 

22. A circuit according to claim 21, wherein: 

the electronic circuit is comprised in a monolithic inte- 
grated circuit, and 

wherein the electronic circuit further comprises, in the 
first coprocessor: 

an instruction register operatively connected to the 
second decoder; 

a programmable processing circuit operatively con- 
nected to to the instruction register, 

a data input register having an input connected to a data 
bus of the integrated circuit and an output opera- 
tively connected to the processing circuit of the first 
coprocessor; and 

a data output register having an input connected to the 
processing circuit of the first coprocessor and an 
output operatively connected to the data bus of the 
integrated circuit. 

23. A circuit according to claim 22, wherein a second 
coprocessor is operatively parallel-connected with the first 
coprocessor, the first coprocessor being operatively con- 
nected to a first data memory and the second coprocessor 
being operatively connected to a second data memory. 

24. A circuit according to claim 23, further comprising a 
delay circuit in the first decoder, for delaying a recognition 
signal on the recognition signal output, upon detection of a 
multiple-cycle instruction that lasts longer than a working 
cycle of the processor. 

25. A circuit according to claim 24, wherein the delay 
circuit comprises: 

in the first decoder, a decoding circuit to detect a multiple- 
cycle instruction comprising several ordered elemen- 
tary instructions, a last elementary instruction being 
recognizable, and 

a circuit operatively connected to the decoding circuit, to 
permit the transmission of the recognition signal upon 
detection of the last elementary instruction. 

26. A circuit according to claim 24, wherein the delay 
circuit comprises: 

in the first decoder, a decoding circuit to detect the 
presence of a multiple-cycle instruction, and 

an up/down counter for being placed in a starting condi- 
tion that depends on a duration of the muUiple-cycle 
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instruction to be carried out by the processor, and for 
producing a signal to permit the transmission of the 
recognition signal at the end of the multiple-cycle 
mstruction. 

5 27. A circuit according to claim 22, tartb&t comprising a 
delay circuit in the first decoder, for delaying a recognition 
signal on the recognition signal output upon detection of a 
multiple-cycle instruction that lasts longer than a working 
cycle of the processor. 
10 28. A circuit according to claim 27, wherein the delay 
circuit comprises: 
in the first decoder, a decoding circuit to detect a multiple- 
cycle instruction comprising several ordered elemen- 
tary instructions, a last elementary instruction being 
15 recognizable, and 

a circuit operatively connected to the decoding circuit, to 
permit ^e transmission of the recognition signal upon 
detection of the last elementary instruction. 

29. A circuit according to claim 27, wherein the delay 
circuit comprises: 

in the first decoder, a decoding circuit to detect the 
presence of a multiple-cycle instruction, and 

an up/down counter for being placed in a starting condi- 
tion that depends on a duration of the multiple-cycle 
instruction to be carried out by the processor, and for 
producing a signal to permit the transmission of the 
recognition signal at the end of the midtiplc-cycle 
instruction. 

30. A circuit according to claim 21, wherein a second 
coprocessor is operatively parallel-connected with the first 
coprocessor, the first coprocessor being operatively con- 
nected to a first data memory and the second coprocessor 
beipg operatively connected to a second data memory. 

31. A circuit according to claim 30, further comprising a 
delay circuit in the first decoder, for delaying the recognition 
signal on the recognition signal output upon detection of a 
multiple-cycle instruction that lasts longer than a working 
cycle of the processor. 

^ 32. A circuit according to claim 31, wherein the delay 
circuit comprises: 
in the first decoder, a decoding circuit to detect a multiple- 
cycle instruction comprising several ordered elemen- 
tary instructions, a last elementary instmction being 
recognizable, and 
a circuit operatively connected to the decoding circuit, to 
permit the transmission of the recognition signal upon 
detection of the last elementary instruction. 

33. A circuit according to claim 31, wherein the delay 
50 circuit comprises: 

in the first decoder, a decoding circuit to detect the 
presence of a multiple-cycle instruction, and 

an up/down counter for being placed in a starting condi- 
tion that depends on a duration of the multiple-cycle 
55 instruction to be carried out by the processor, and for 
producing a signal to permit the transmission of the 
recognition signal at the end of the multiple-cycle 
instruction. 

34. A circuit according to claim 21, further comprising a 
60 delay circuit in the first decoder, for delaying the recognition 

signal on the recognition signal output upon detection of a 
multiple-cycle instruction that lasts longer than a working 
cycle of the processor. 

35. A circuit according to claim 34, wherein the delay 
65 circuit comprises: 

in the first decoder, a decoding circuit to detect a multiple- 
cycle instruction comprising several ordered elemen- 
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tary instructions, a last elementary instniction being 47. A method according to claim 45, wherein the delaying 

recognizable, and step comprises determining a duration of the midtiple-cycle 

a circuit operatively connected to the decoding circuit, to instruction using a counter, 

permit the transmission of the recognition signal upon 48. A method according to claim 45, further including the 

detection of the last elementary instruction. 5 step of sending, by a sequencer of the processor, synchro- 

36. A circuit according to claim 34, wherein the delay nized commands to an instruction decoder of the 
circuit comprises: coprocessor, an instruction register of the coprocessor, pro- 

in the first decoder, a decoding circuit to detect the grammable processing circuits of the coprocessor, a daU 

presence of a multiple-cycle instruction, and input register of the coprocessor, and a daU output register 

an up/down counter for being placed in a starting condi- 10 of coprocessor. , . ^, ^ , . , , 

tion that depends on a duration of the multiple-cycle ^ ^^^^^ accordmg to claun 45, further mcludmg the 

instruction to be carried out by the processor, and for ^tep of managing, by the pro^r, points of access to 

producing a signal to permit the transmission of the memory that are necessary for the workmg of the coproces- 

recpgnition signal at the end of the muhiple-cycle , . . , 

insUiiction. ^ ci^mt for use with a processor and a coprocessor, 

37. A method of using a processor and a coprocessor, compnsmg: 

comprising the steps of: means for simultaneously providing at least one part of an 

sending at least one part of an instruction signal simul- instniction signal from an instruction memory to both 

taneously to a processor and a coprocessor, » processor and a coprocessor, whcrcm the instruction 

determining during a cycle whether to produce a recog- ^'^t^ ^^^'^^^ f ° instruction is to be carried 

nition si^al by the processor based on the instruction ^7 .^^ P'^^^' coprocessor, 

gjgjj^l recognizing means, responsive to the means for 

J J- ' .1. *i . ^» 1* providing, for determining during a cycle, based on the 

decodmg the at least one part of the mstruction signal in \nstrnciion signal, that the processor is to produce a 

both the processor and the coprocessor dunng the recognition si|nal that signifies that the instruction is to 

cycle, and 25 be carried out by the coprocessor, 

allowing the coprocessor to carry out operations corre- ujeans for decoding the at least one part of an instruction 

spending to the at least one part of the instruction signal signal in both the processor and the coprocessor during 

in response to the recognition signal. cycle, and 

38. A method according to claim 37, further including the means responsive to the recognizing means for allowing 
step of delaying the recognition signal upon detection of a 30 the coprocessor to carry out operations corresponding 
multiple-cycle instruction. to the at least one part of the instmction signal in 

39. A method according to claim 38, wherein the delaying response to the recognition signal. 

step comprises the step of recognizing a last elementary 51. A circuit according to claim 50, further including 

instruction in the multiple -cycle instruction. sequencer means in the processor, for sending synchronized 

40. A method according to claim 38, wherein the delaying 35 commands to an instruction decoder of the coprocessor, an 
step comprises determining a duration of the multiple-cycle instruction register of the coprocessor, programmable pro- 
instruction using a counter. cessing circuits of the coprocessor, a data input register of 

41. A method according to claim 37, further including the the coprocessor, and a data output register of the coproces- 
step of sending, by a sequencer of the processor, synchro- son 

nized commands to an instruction decoder of the ^ 52, A circuit according to claim 50, further including 

coprocessor, an instruction register of the coprocessor, pro- means in the processor, for managing points of access to 

grammable processing circuits of the coprocessor, a data memory that are necessary for the working of the coproces- 

input register of the coprocessor, and a data output register sor. 

of the coprocessor. 53. A circuit according to claim 50, further inchiding 

42. A method according to claim 37, further including the 45 means for delaying the recognition signal upon detection of 
step of managing, by the processor, points of access to a multiple<ycle instruction. 

memory that are necessary for the working of the coproces- 54. A circuit according to claim 53, wherein the means for 

sor. delaying includes means for recognizing a last elementary 

43. A method according to claim 37, wherein the step of instmction in the multiple-cycle instruction. 

decoding simultaneously decodes the at least one part of an jq 55. A circuit according to claim 53, wherein the means for 

instruction in both the processor and the coprocessor. delaying includes counting means for determining a duration 

44. A method according to claim 37, ftuther including the of the multiple-cycle instruction. 

step of preventing the coprocessor from carrying out the at 56. A circuit according to claim 50, wherein the means for 

least one part of the instruction in the absence of tiie simultaneously decoding is for decoding the at least one part 

recognition signal. of an instruction in both the processor and the coprocessor. 

45. A method according to claim 37, further including the 57. A circuit according to claim 50, fiirther inchiding 
steps of: means responsive to the recognizing means, for preventing 

simultaneously decoding the at least one part of an the coprocessor from carrying out the at least one part of the 

instruction in both the processor and the coprocessor, instmction in the absence of the recognition signal. 

preventing the coprocessor from carrying out the at least 60 58. A circuit according to claim 50, further including: 

one part of the instruction in the absence of the recog- means re^onsive to the recognizing means, for prevent- 

nition signal, and ing the coprocessor from carrying out the at least one 

delaying the recognition signal upon detection of a part of the instruction in the absence of the recognition 

multiple-cycle instruction. signal, 

46. A method according to claim 45, wherein the delaying 65 means for simultaneously decoding the at least one part of 
step comprises the step of recognizing a last elementary an instruction in both the processor and the 
instruction in the multiple-cycle instruction. coprocessor, and 
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means for delaying the recognition signal upon detection 
of a multiple-cycle instruction. 

59. A circuit according to claim 58, wherein the means for 
delaying includes means for recognizing a last elementary 
instruction in the multiple-cycle instruction. 5 

60. A circuit according to claim 58, wherein the means for 
delaying includes counting means for determining a duration 
of the multiple-cycle instruction. 

61. A circuit according to claim 58, further including 
sequencer means in the processor, for sending synchronized lo 
commands to an instruction decoder of the coprocessor, an 
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instruction register of the coprocessor, programmable pro- 
cessing circuits of the coprocessor, a data input register of 
the coprocessor, and a data output register of the coproces- 
sor. 

62. A circuit according to claim 58, further including 
means in the processor, for managing points of access to 
memory that are necessary for the working of the coproces- 
sor. 
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